14.4%; n ϭ 6). Anti-sensorin (n ϭ 6) or control Ab (n ϭ 6) did not change baseline synaptic transmission (FigResults 
ures 1C and 1D). Thus, it appears that sensorin released from sensory neurons is essential for LTF produced by Release of Sensorin from Sensory Neurons
5 ϫ 5-HT.
Is Essential for LTF
Repeated applications of 5-HT enhance the secretion LTF that was produced at sensory neuron synapses of sensorin. Cultures containing five L7 neurons and 25 following five applications of 5-HT (5 ϫ 5-HT) over a to 30 sensory neurons ( Figure 2A ) were treated first with 2 hr period is dependent on new protein and mRNA control applications, incubated with medium for 2 hr, synthesis and is accompanied by the formation of new treated with 5 ϫ 5-HT, and then incubated with medium sensory neuron varicosities (Montarolo et al., 1986;  for an additional 2 hr. Following control or 5-HT treatGlanzman et al., 1990). Many of these new sensory neuments, a small volume of medium near the cells was ron varicosities are immunoreactive for the neuropepremoved after each 2 hr incubation with culture medium. tide sensorin (Santarelli et al., 1996 and Figures 1A and Immunoblots indicated that sensorin was secreted in 1B). We tested whether secretion of sensorin contribresponse to 5-HT (n ϭ 5), while little or no sensorin was utes to the increase in EPSP amplitude produced by 5 ϫ detected in the medium by the same cultures following 5-HT by incubating cultures with anti-sensorin antibody control treatment ( Figure 2B ). Since sensory neurons do (Ab) that stains sensory neuron cell bodies and varicosinot fire action potentials spontaneously, 5-HT produces ties but not L7 ( Figures 1A and 1B) .
an increase in the spontaneous or constitutive release Application of anti-sensorin Ab (400 ng/ml) blocked of sensorin. LTF ( Figures 1C and 1D) . Incubation with the Ab reduced Sensorin does not evoke changes in membrane pothe change in EPSP amplitude produced by 5 ϫ 5-HT to 107.8% Ϯ 2.6% (n ϭ 8) compared to increases of tential or input resistance in the cells or short-term facili- cultures after washout of 5 ϫ 5-HT but first preincubated with the anti-sensorin Ab (Exp Med ϩ Sen Ab; n ϭ 8). Incubation with sensorin alone (n ϭ 4) failed to alter membrane potentials or input resistances, to produce LTF was produced only when cultures were exposed to medium conditioned by cultures exposed to 5-HT. The a change in baseline EPSP amplitude, or to affect shortterm facilitation after 1 ϫ 5-HT (n ϭ 4). Sensorin also EPSP amplitude increased to 140.0% Ϯ 7.4% compare to changes of 102.4% Ϯ 1.5% or 106.4% Ϯ 4.7% for did not prolong short-term facilitation after washout of the 5-HT. Incubation with anti-sensorin antibody afcultures exposed to control medium or experimental medium preincubated with anti-sensorin antibody, refected neither baseline EPSP amplitude (n ϭ 4) nor the increase in EPSP amplitude produced by 5-HT (n ϭ spectively. Thus, 5 ϫ 5-HT regulates and recruits sensorin secretion to produce LTF. The ability of sensorin 4). Thus, sensorin does not contribute to the cellular changes associated with short-term facilitation (lasting to produce LTF, however, requires the priming action of 5-HT. The temporal specificity required for producing minutes) produced by 1 ϫ 5-HT. LTF (5-HT then sensorin) suggests that sequential activation of separate second messenger pathways is esSensorin Produces LTF After a Single Application of 5-HT sential for LTF. LTF produced by 1 ϫ 5-HT ϩ sensorin has two feaWe next examined whether sensorin produces LTF. Since the protocol for producing LTF with 5 ϫ 5-HT tures that are characteristic of LTF produced by 5 ϫ 5-HT: it requires new protein synthesis and is accompatakes about 2 hr, we tested whether a 2 hr incubation with sensorin could mimic the actions of 5 ϫ 5-HT. A nied by the formation of new sensory neuron varicosities. Incubation with anisomycin (10 M; n ϭ 6) or rapa-2 hr incubation with sensorin (100 ng/ml) produced a significant change in EPSP amplitude measured 24 hr mycin (50 nM; n ϭ 6) blocked LTF produced 1 ϫ 5-HT ϩ sensorin (Figure 4) . Anisomycin reduced the change in later if applied after the cultures were first exposed to a single 5 min application of 5-HT (1 ϫ 5-HT ϩ SEN; EPSP amplitude to 101.7% Ϯ 4.1%, and rapamycin reduced the change in EPSP amplitude to 105.2% Ϯ 5.1% Figures 3A and 3B ). This treatment increased EPSP amplitude by 169.7% Ϯ 6.6% (n ϭ 12). LTF was produced by compared to an increase of 166.4% Ϯ 8.6% observed in cultures without inhibitors (n ϭ 6). The number of the actions of sensorin, because preincubating sensorin with its antibody at approximately equimolar concentrasensory neuron varicosities contacting L7 24 hr after treatment with 1 ϫ 5-HT ϩ sensorin ( Figure 5 ) increased tion before bath application failed to produce LTF (1 ϫ 5-HT ϩ SEN ϩ SEN Ab; 103.5% Ϯ 3.1%; n ϭ 7). Treatby 24.1% Ϯ 2.5% (n ϭ 5). Reversing the order of application (n ϭ 5) or applying sensorin that was inactivated ment first with 5-HT followed by sensorin was required for LTF, since reversing the order of application failed by preincubation with anti-sensorin Ab (n ϭ 5) failed to produce a significant increase in sensory neuron varito produce LTF (SEN ϩ 1 ϫ 5-HT; 101.5% Ϯ 2.7%; n ϭ 11). Application of 1 ϫ 5-HT (5 min; n ϭ 7) or sensorin cosities (5.0% Ϯ 1.0% or 3.2% Ϯ 2.0%, respectively). Thus, LTF produced by 1 ϫ 5-HT ϩ sensorin is accompa-(2 hr; n ϭ 7) also failed to produce LTF (103.7% Ϯ 2.3% and 100.3% Ϯ 2.3%, respectively). when U0126 was applied during 5-HT application (166.3% Ϯ 10.9%; n ϭ 7). Thus, activating the same during sensorin application (n ϭ 7) blocked LTF; the 77.6 Ϯ 3.0 units after control (n ϭ 7) and 77.4 Ϯ 2.7 and 1 hr before treatment (K252a ϩ 5-HT) or during the last three applications of 5 ϫ 5-HT and 1 hr after (5-HT ϩ units after 1 ϫ 5-HT ϩ sensorin (n ϭ 7) compared to 76.7 Ϯ 3.0 units after sensorin ϩ 1 ϫ 5-HT. Thus, the K252a). LTF was blocked only when K252a was present 1 hr after 5-HT ( Figures 8A and 8B ). K252a present before increase in phosphorylated MAPK was not accompanied by an increase in total MAPK. and during the first three applications of 5-HT (n ϭ 7) failed to interfere with LTF; EPSP amplitude increased Sensorin operates through autoreceptors; activation and translocation of MAPK by 1 ϫ 5-HT ϩ sensorin also by 167.3% Ϯ 7.7%. In contrast, K252a present for 1 hr after 5-HT (n ϭ 6) blocked LTF; change in EPSP amplioccurred in sensory neurons cultured by themselves (data not shown). Staining intensity for phospho-MAPK tude was only 106.7% Ϯ 3.8%. This sensitivity to K252a inhibition coincided with the period when sensorin seimmunoreactivity was significantly greater when sensorin was applied after 5-HT (n ϭ 5) compared to when cretion was high (see Figure 2B ). We therefore examined whether K252a interferes with LTF produced by 1 ϫ it was applied before 5-HT (n ϭ 5) (36.7 Ϯ 2.1 versus 22.5 Ϯ 1.8 units for cell-wide staining and 54.2 Ϯ 4.1 5-HT ϩ sensorin. K252a was applied before and during 1 ϫ 5-HT or during sensorin application. LTF was versus 18.5 Ϯ 1.2 units for staining in the nucleus). Isolated sensory neurons also show significant increases in blocked only when the drug was present during sensorin application ( Figures 8A and 8B MAPK activation and translocation were also blocked native peptide released by sensory neurons into the medium following 5-HT). This LTF has properties that when K252a was present during sensorin application (Figures 8C and 8D) . Staining for phospho-MAPK immuare similar to those produced by 5 ϫ 5-HT. Sensorininduced LTF depends on general protein synthesis noreactivity was significantly higher both cell-wide (185%) and in nuclei (305%) when K252a was present (Montarolo et al., 1986 ) and the more selective translation that is rapamycin-sensitive ( 
